Abstract -We compare equations predicting the biomass components (foliage, branches, stem, roots, total aboveground and total tree) for seedlings of four coniferous tree species: jack pine ( 
INTRODUCTION
Forest managers and researchers require biomass equations to predict the growth of young forest stands. Predicting tree biomass is important for a) developing indicators of forest productivity [2] , b) quantifying patterns of forest succession [17] , c) estimating potential carbon sequestering in forest stands [11] , and d) modeling forest growth at both tree and stand levels [9] .
Although abundant equations for biomass prediction have been developed for mature trees [15] , relatively few studies have focused on young trees. Biomass equations for trees in seedling and sapling stages have been developed a) for forest fuel inventories [1] , b) for assessing the potential of young stands as fiber sources [7] , c) as an indicator of net primary production [14] , and d) for other purposes [11, 13, 18, 19] . Few papers report component biomass equations for northern coniferous species: spruce (Picea spp.) [13, 19] , red pine [11, 19] and eastern white pine [19] .
There have been a number of attempts to compare biomass equations for mature trees across a range of site and stand conditions. For example, Feller [4] [15] .
Use of equation (1), however, tends to produce heteroscedastic residuals. Two approaches to dealing with this problem are to use weighted least squares with equation (1) or a linear form using log transformations.
After comparing both approaches, we chose equation (2) because 1) we found no difference in the normality or homogeneity of residuals, 2) Furnival's index of fit [6] was similar, and 3) the advantage of using standard linear regression methods allowed us to quantitatively compare biomass component models among species, our principal objective. In discussing both approaches, Ratkowsky [10] suggests using linear models when both approaches are able to accomplish the modeling objective (i.e., homogenize and normalize residuals).
For ease of interpretation, we report the equations (regression coefficients) in back-transformed units. One limitation with using log models is the need to correct for bias when back-transforming model predictions.
Therefore, we added one half of the standard error of estimate squared (1/2(SEE) 2 ) to the intercept of equation (2) prior to taking the exponent to correct for bias [3] .
During the analysis, several seedlings were identified (using scatterplots and Studentized residual threshold values > 3.0) as consistent outliers for all biomass components. We [12] indicates that outliers with Studentized residual values greater than 3.0 can be removed if n > 20. Our outliers and sample size met both conditions. Using equation (2) Each comparison was evaluated using F-tests. F-statistics were calculated using the ratio of the difference between the residual sum of squares for the reduced and full models to the residual sum of squares for the full model divided by the appropriate degrees of freedom [12] . The P-value was calculated as a percentile of the Fdistribution with the respective degrees of freedom.
RESULTS
The final equations are presented in Despite the common use of the total height as a predictor variable in tree biomass equations, it only significantly improved equations for stem biomass. This result contrasts with those of Hitchcock [7] and Young et al. [19] , who found seedling height to be the best predictor of biomass components. Our finding is consistent, however, with Freedman et al. [5] who found that height accounted for a smaller proportion of the variation than did stem diameter for ten species of mature trees (conifers and hardwoods).
